This article discusses the tri-core photonic crystal microstructure fiber for the process of simultaneous sensing for salinity and temperature of water substances. This kind of microstructure is preferred in many sensing application to scale the detection process in micrometer range. In this novel sensor, the sensitivity is calculated through coupling mechanism by tracking wavelength shift of various concentrations of salinity and temperature using finite element method. The sensible samples are in liquid and are infiltrated into the framed hollow cavity. Based on the coupling principle between silica substrate and the analyte material, the sense of the salt as well as temperature is obtained. Finally, it is noted that sensitivity of the salt level in water as 5404.9 nm/RIU for x polarization direction and 5674 nm/RIU for y polarization direction have been calculated with the temperature sensitivity of 4 nm/ C in the same water substances.
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| INTRODUCTION
Temperature and salinity of seawater are essential parameters in oceanology and Marine dynamics. 1 Salinity is nothing but the indication of various minerals as noted in Ref. 2 . The most predominant substance in salt water is sodium chloride which is the desirable parameters for the denoting the salt level. In the standard case, a salt level of 35% which is considered as an average salinity can be found in seawater for the temperature degree of 0 C. Such crucial parameter can be sensed by total dissolved solids 3 and electrical conductivity of saltwater 4 but this could be identified as macro range of level sensing. In advancement of technology, Fiber optic-based salinity sensor has made a greater attention as its having multitude promising performances for the interference, highly sensible, compact in proposing and supportive waveguide medium. With this convenient, micro ring and photonic crystal based structural were experimentally proposed and monitored for the application of salinity and temperature sensing for seawater as stated in Refs. 5-10. In addition, simultaneous measurements for dual sensing is used by fiber Bragg grating (FBG), 11 surface plasmon resonance dip probe, 12 microfiber directional coupler, 13 ring resonator with polymide/hydrogel-coated photonic crystal fiber (PCF), 14 directional coupler based micro/nanofibers, 15 high-birefringence elliptic fiber, 16 Fabry-Perot interferometer, 17 Mach-Zhender interferometer, 18 and D-Shaped PCF. 19 Though the salinity sensor using photonic crystal was explored in our previous article, 7 as the presented research has another big issue such that the salt level water also will contain some degree of temperature which was not detailed and discribed in the previous research article. While using this sensor at the sea and groud water surface, the important denotation is required to be addressed as how amount of heat the samples of water contian along with the salt level concentration. The real time problem investigation is of advantages to pursue further research, where it can offer new problem solutions in terms of simultaneous testing salt and temperature in the single PCF device.
In this work, a PCF-based dual parameter sensor is proposed by which one can easily sense the nanometer size of salt particle along with the temperature which present in the water molecules. Those sensing mechanisms are introduced by coupling the sensible parameter with the base glass material silica whose dispersion relation is taken from. 7 Initially the silica base material has sophisticated with running of air holes. Later the chosen air holes are infiltrated by the samples of water to detect the various concentrations of salt and temperature simultaneously and those cavities has notated and marked as upper core (Red circle in Figure 1 ) and lower core (yellow circle in Figure 1 ). The principle of sensing is based on the coupling action taken place between the silica base material to the sample one whose salt level concentration indirectly denoted by the its corresponding refractive index values. Such that, the proposed sensor also denoted as refractive index sensor for the salinity as well as temperature detection. The variation analysis of salt concentration is noted by refractive index values as it dealt the photonic terminology. By calculating the loss spectra as well as transmission spectra, the shift variation in response to the different concentration of salt contained liquid, the sensitivity is numerically obtained. As the proposed structure is formed with tri core action, and the silica core makes birefringence effect, the salinity in seawater is calculated and obtained for 2 different (X & Y) polarizations which are in 2 different directions of x and y as 5404.9 nm/RIU and 5674 nm/RIU, respectively. For the temperature detection, in the seawater, the refractive index varies with respect to changes in the temperature at fixed salt level concentration, as temperature sensitivity of 4 nm/ C could be obtained. 
| STRUCTURAL DESIGN
where n is the effective reactive index dependent on wavelength λ in micrometer (μm) and temperature T in degree Celsius ( C). Moreover, the sea water effective refractive index is also a function of salinity 21 which can be computed by the equation which relate the salt concentration, refractive index and temperature as followed in Ref. 7 . In Figure 2A refers the silica mode propagation, Figure 2B refers the liquid propagation and Figure 2C refers the coupling actions happened between the glass and analyte modes for x-polarization. Similarly, the mode coupling is existed for y-polarization as shown in Figure 2D -F, respectively. For certain a wavelength, few propagation modes is excited. During the propagation mode, total transmitted optical power bounded inside the core region. For every propagation of mode, it may contain imaginary part. From these imaginary parts, the confinement loss has been rigorously computed. The expression is given as follows
The investigation procedure has been started by finding the effective refractive index. In the above-mentioned Figure 3 inside the PCF there exist 2 types of air holes with diameter d2 and d3 μm. These holes are infiltrated with the sea water of various concentrations. When the optical power is pumped the interaction between the sea water and light has occurred. As a result of such types of the evanescent field is found. For each fundamental propagation modes there arise 2 types of polarization like X-and Y-polarization.
In Figure 3 , the operating wavelength vs effective refractive index or effective index (Y polarization) has been plotted. Where X axis presenting the wavelength and the left and right side of the Y axis presenting the real and imaginary effective index. In the same figure blue and black line distinctly presenting the real art of silica and a liquid core. Due to the increment of wavelength, these 2 lines are downward making the slope negative. A very interesting this is noticed here, after the wavelength of 0.6 μm both curves are crossing with each other. From this point, it can be easily inferred that optical power equally distributed between silica core and a liquid core. Nonetheless, the silica core effective refractive index imaginary part can be presented by another curved which can be seen in red color. This curves sharply rising due to the increment of the wavelength. Here the maximum loss of is found at wavelength λ = 0.625 μm. After that the curves making a downward slope in Figure 3 . This peak wavelength is very crucial for sensing applications. It is noted that temperature 25 C and 0% concentration have been ensured during these investigations. The similar phenomenon has been noticed in Figure 4 for fundamental X-polarization. Here the equally distributed optical power is found near at the wavelength 0.66 μm. Silica is the base material of the PCF-based temperature sensor. The amorphous crystalline silica has a high level of melting point is about 1670 C. Although the melting point of is very extreme but the temperature detection range limited inside the range from 0 C to 65 C. Nevertheless, the maximum temperature detection range is 65 C which is very low compared with the melting point of silica. Moreover, the base materials refractive index is very temperature insensitive so is more convenient for practical applications. Figure 5A is plotted for the Y polarization with loss spectra by the operating wavelength range 0.60-0.70 μm. Here all curves presenting the same value near to 160 dB/m. In the meantime, similarly, the loss spectrum for fundamental X polarization has been plotted in Figure 5B . The maximum loss of 160 dB/m and 145 dB/m has been derived from the 65 C at λ = 0.69 and 0.66 μm by ensuring the salt level concentration 0% for Y and X polarization, respectively. In the module of the investigation process various 0%, 20%, 40%, 60%, and 80% salt level concentrations have been carefully injected into the targeted air holes. In Figure 6A ,B, confinement loss vs wavelength has been plotted with various salt level by ensuring temperature T = 25 C for X and Y polarization respectively. For fundamental X polarization peak wavelength founds inside the wavelength range 1.06-1.18 μm where loss spectrum value fluctuated inside the range 700-950 dB/m. From the same figure, it can be anticipated that salt level with 0% concentration is provides the maximum loss of 950 dB/m at λ = 1.18 μm at T = 25 C.
Besides for Y polarization, peak values of the wavelength Figure 7A represents the relationship among confinement loss spectrum peak wavelength variations for various present temperatures of the salt in the seawater in both x-and y-polarization. It is nicely depicted that the peak wavelength of x-than y-polarization is sharply increasable for the increment of temperature. On the other hand, the Figure 7B shows the peak wavelength variations perspective to seawater concentration of the salt in the seawater from 0% to 80%. It is clearly visualized that the peak wavelength changing is downward for the increment of seawater concentration percentage. Y-polarization exhibits a high peak wavelength value than x-polarization. Unfold fact that the peak wavelength shows good linearity in the temperature measurement Figure 8A ,B, respectively. Both cases of seawater concentration and temperature variations, the wavelength shift shows good linearity in the measurement range of 25 C-65 C temperature and 0%-80% seawater concentration. The calculated value shows the wavelength shifting of 20 nm for both x and y polarization directions respectively for the seawater which has a 20% salt level. The highest wavelength of 42 nm is received at 65 temperatures for both x-and y-polarization, respectively. Note that our model describes the good linearity behavior of the sensor device with sea water concentration percentages and temperatures, respectively. In addition, simulated values of temperature sensitivity of the wavelength shift are in good agreement with previously published articles. It is evident that our proposed structure significantly explains all the essential features of the proposed sensor.
| CONCLUSION
This research aimed to details and explains a proposed simultaneous measurement of salinity and temperature in seawater with enhanced sensitivity using tri-core PCF and modeled by finite element method. We have proposed 2 coupling region, first one coupling action between in upper core and silica core for salinity measurement with respect various concentration of salinity (0%-80%) at fixed temperature, second coupling between lower core and silica core for temperature measurement with respect various range of temperature (25 C-65 C)
under coupled mode theory and evaluate seawater condition with help of shift of peak wavelength and sensitivity. The results show that salinity and temperature sensitivities reach to 5404.9 nm/RIU for x and 5674 nm/RIU for y polarization directions, where the temperature sensitivity is 4 nm/ C in seawater, which is higher than of FBG, knot resonator, and directional coupler-based microstructure fiber. It can be expected that sensitivity can be further improved by optimizing the structural parameters of proposed tri-core PCF. 
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